FAULT DETECTION IN THREE PHASE INDUCTION MOTOR USING
ARTIFICIAL INTELLIGENCE

AHMAD FARID BIN ABU BAKAR

UNIVERSITY MALAYSIA PAHANG



“I hereby declare that I have read this thesis and in my opinion this thesis is sufficient in
terms of scope and quality for the award of the degree of Bachelor of Electrical

Engineering (Hons.) (Power system)

Signature et e e e e e e e aeeearee s
Name of Supervisor : DR AHMED N ABD ALLA
Date : 23 NOVEMBER 2009



Fault Detection In Three Phase Induction Motor Using Artificial Intelligence

Ahmad Farid Bin Abu Bakar

This thesis is submitted as partial fulfillment of the requirements for the award of the
Bachelor of Electrical Engineering (Power System)

Faculty of Electrical & Electronics Engineering

University Malaysia Pahang

NOVEMBER 2009



“All the trademark and copyrights use in here are property of their respective owner.
References of information from other sources are quoted accordingly, otherwise the

information presented in this report is solely work of the author”.

Signature e
Author : AHMAD FARID BIN ABU BAKAR
Date : 23 NOVEMBER 2009



CHAPTER

TABLES OF CONTENTS

TITLE

DECLARATION
DEDICATION
ACKNOWLEDGMENTS
ABSTRACT

TABLE OF CONTENTS
LIST OF FIGURES
LIST OF TABLES

INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6

Thesis Overview
Background
Problem Statement
Objectives

Scopes of the Project
Thesis Outline

PAGE

ii
iii
v

vil

xii

AW WD DN



LITERATURE REVIEW AND THEORY

2.1
2.2

23

Chapter Overview

Literature Review

22.1
222
223

Theory

23.1

232
233

Artificial Intelligence
Induction Motor

Parameters

Faults in Induction Motor Overview

2.3.1.1 Stator Faults

2.3.1.2 Voltage Unbalanced

2.3.1.3 Bearing Faults

2.3.1.4 Rotor Faults

MATLAB Overview

Radial Basis Function Network Overview

2.3.3.1 Normalized Architecture

2.3.3.2 Theoretical Motivation for
Normalization

2.3.3.3 Local Linear Models

2.3.3.4 Training the Network

2.3.3.5 Interpolation

2.3.3.6 Function Approximation

2.3.3.7 Training the Basis Function Centres

2.3.3.8 Pseudo Inverse Solution for the
Linear Weights

2.3.3.9 Gradient Descent Training of the
Linear Weights

2.3.3.10 Projection Operator Training

of the Linear Weights

0 00 NN N WD

13
13
14
16
18
19
20
23

23
25
27
28
28
29

29

30

30



3 METHODOLOGY

3.1 Chapter Overview 32
3.2 Data Extraction 34
3.3 Fault Severity Evaluation 46
3.3.1 Stator Inter Turn Fault 47
3.3.2 Unbalance Voltage 49
34  Develop ANN 52
3.4.1 Building RBFNN 55
3.4.2 Constructing the GUI for the
Neural Network 59
3.4.2.1 Interfacing the GUI 59
3.4.2.2 Coding the GUI 65
4 RESULT AND DISCUSSION
4.1 Main GUI 70
4.2  No Load GUI 71
43 Discussions 78
5 CONCLUSION AND RECOMMENDATION
5.1 Conclusion 79
5.2 Recommendation 80
REFERENCE 86

List of references 86-90



FIGURE NO.

2.1
2.2

2.3
24

2.5
3.1
3.2

3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16

LIST OF FIGURES

TITLE

Overall project flow

Description of the turn-to-turn short circuit
implemented in the simulations

Artificially created bearing fault

Description of the rotor cage-related faults
implemented in simulations (left figure) and
artificially created in measurements (right figure)
Radial Basis Function Neural Network

Project flow chart

Three-Phase Asynchronous Motor model from
Simulink

AC voltage source block

Block Parameters of AC voltage Source

AC Voltage source connection

Block Parameters of 1.5HP — 450V 50Hz — 1475rpm
RMS converter

Bus Selector block

Block Parameters for Bus Selector

Current Measurement block

Simulation model for healthy state condition
Step block

Block Parameters of Step

Block Parameters of motor to obtain stator resistance
Simulation model of stator inter turn fault

Manipulating voltage unbalance simulation model

PAGE

13
16

18
20
33

35
36
36
37
38
41
41
42
42
43
44
45
47
48
50

10



3.17
3.18

3.19
3.20
3.21
3.22
3.23

3.24
3.25
3.26
3.27

3.28
3.29
3.30
3.31
3.32
3.33
3.34
3.35
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

Output simulation model of unbalance voltage
Basic coding for Radial Basis Function Network
in MATLAB

M-file for Radial Basis Function coding of no load
The input data for no load condition

Overall coding

Output data

Approximate input data value with unbalance
voltage fault

Output of manipulated data

GUIDE Quick Start

The Layout Editor

Main window of the Fault Detection in
Three-Phase Induction Motor Using
Artificial Intelligence

No load windows

Half load windows

Full Load windows

Property Inspector for pushbuttonl

The coding of Main GUI

Coding for RUN pushbutton

Extra function for RUN button

Coding for RESET pushbutton

Main windows

No Load windows

No input data message box

Healthy condition message box

Stator fault message box

Unbalance voltage message box

Half load GUI

Full load GUI

51

55
55
56
56
57

58
58
60
60

61
62
63
64
65
66
67
68
69
71
72
73
74
75
76
77
78

11



TABLE NO.

3.1
3.2
3.3

3.4
3.5

3.6

3.7

LIST OF TABLES

TITLE

Description of the motor Block Parameters
Tabulated data from Workspace

Output simulation data of healthy state in

RMS value

Availability of motor condition in this project
Output simulation of stator inter turn fault in
RMS value

Output simulation of unbalance voltage fault in
RMS value

Description of elements in ANN coding

PAGE

39

40

46
46

49

52
53

12



